Abstract. carbonyl reductase 1 (cBr1) expression level is related to tumor progression. Decreased cBr1 expression is associated with poor prognosis in ovarian cancer. We investigated the relationship between cBr1 expression level and malignant potential of ovarian cancer. oVcar-3 cells overexpressing cBr1 or knocked down for cBr1 were obtained by transfecting cBr1 plasmid Dna (pDna) or small interfering rna (sirna) by electroporation. In vitro cell proliferation and invasion were compared between the two cell types. Subcutaneous cBr1-overexpressed oVcar-3 cells (n=10) and wild-type ones (n=5) were injected into nude mice. the cBr1 sirna was then injected twice a week into five of the 10 CBR1-overexpressed OVCAR-3 tumors. Tumor growth and metastatic behavior were observed 3 weeks after cell transplantation. cell proliferation significantly decreased in cBr1-overexpressed cells as compared to the control, whereas cell proliferation and invasion significantly increased in cBr1-suppressed cells as compared to the control. the size of the cBr1 sirna-injected tumors (n=5) increased significantly as compared to the other two groups (n=5 for each group). the number of metastatic foci in the lungs was significantly higher in mice injected with cBr1 sirna (7.0±2.0) compared to cBr1-overexpressed and wild-type tumors (0 and 2.0±2.0, respectively). Western blot analysis showed that, while vascular endothelial growth factor (Vegf)-c expression was stable in the cBr1-sirna-injected tumors, e-cadherin expression was decreased, whereas matrix metalloproteinase (MMP)-9 was increased in cBr1-sirna-injected tumors compared to the other two groups. these results showed that cBr1 decreases promoted tumor proliferation and growth as well as invasion and metastasis, suggesting that cBr1 has potential to become a new candidate for molecular targeting therapy.
Introduction
epithelial ovarian cancer (eoc) is the world's most lethal gynecological cancer, and the World Health organization global Database listed eoc as the 7th leading form of cancer in women in 2008 (1) .
although the mean 5-year survival rate for eoc has improved significantly over the past 30 years, the prognosis remains poor, with a 46% 5-year survival rate (2) . the prognosis for eoc is closely related to the cancer clinical stage at diagnosis. the mean 5-year survival rate in advanced stages (FIGO stage Ⅲ or Ⅳ) is as low as 11-41% (2) . More than 70% of eocs are detected in the advanced stages mainly because of a lack of early warning signs and reliable diagnostic tests. cytoreductive surgery followed by adjuvant chemotherapy is recommended as the primary treatment for advanced eoc. Postoperatively, a taxane and carboplatin combination is used as the first-line chemotherapy. EOC is highly responsive to initial anticancer treatment, but approximately half of the advanced cases recur within 2 years and result in poor prognosis due to a decreased response to chemotherapy (3) . therefore, new clinically useful biomarkers and new targets for EOC treatment need to be identified in order to initiate intensive treatment.
carbonyl reductase 1 (cBr1) is an naDPH-dependent oxidoreductase with broad specificity for carbonyl compounds, which reduces aldehydes and ketones (4). cBr1 has been isolated from various organs such as the liver, kidney, breast, ovary, and vascular endothelial cells (5) , and has been studied for its function in the metabolism of a variety of drugs such as anthracycline, daunorubicin, haloperidol, and doxorubicin (6, 7) . another important cBr1 function is to convert prostaglandin (Pg) e 2 to Pgf 2α (8, 9) . Pge 2 have been demonstrated not only to modulate apoptosis and Bcl-2 expression (10), but also to induce angiogenesis (11) . cBr1 has been reported to relate to tumor progression (12) (13) (14) . Suppression of cBr1 expression was associated with poor prognosis in uterine endometrial cancer and uterine cervical squamous cell carcinoma (12, 13) . our previous studies showed that decreased cBr1 expression is associated with lymph node metastasis and poor prognosis in ovarian cancer (14) , and induction of cBr1 expression in ovarian tumors leads to a spontaneous decrease in tumor size (15) .
In vitro experiments showed that cBr1 suppression enhanced uterine squamous cell carcinoma and endometrial carcinoma malignant behavior (12, 13) . A significant inverse relationship between vascular endothelial growth factor (Vegf) and cBr1 expression was observed in cancer tissues (16) . the epithelial mesenchymal transition (eMt) has been associated with tumor progression and poor prognosis in various human cancers. Predominantly, the functional loss of e-cadherin in epithelial cells is a common feature of eMt (17) . earlier studies showed that cBr1 is likely to be associated with eMt in endometrial adenocarcinoma (13) . furthermore, the extracellular matrix (ecM) degradation is necessary for cancer cells to invade. Matrix metalloproteinases (MMPs) are enzymes that resolve ecM. loss of e-cadherin and activation of MMP-9 have been reported to correlate with poor prognosis in ovarian cancer (18) . Because cBr1 molecular mechanisms remain unclear in ovarian cancer, it may be of interest to investigate the relationship between altered expression of cBr1 and molecules such as Vegf, e-cadherin, and MMPs that affect malignant behavior.
in this study, we investigated the effect of decreased cBr1 expression on proliferation of ovarian cancer cells and growth of ovarian cancer, and aimed to elucidate its mechanisms of action.
Materials and methods
Cell line and culture. oVcar-3 was obtained from the american type culture collection (rockville, MD, uSa). oVcar-3 cells have been commonly used to produce xenografted solid tumor (16) and are derived from human ovarian cancer. they were cultured in rPMi-1640 medium supplemented with 10% fetal calf serum (fcS), 100 u/ml penicillin and 100 mg/ml streptomycin at 37˚C in a water-saturated atmosphere with 5% co 2 /95% air.
Animal experiments. animal experiments were conducted in accordance with the guidelines for animal experimentation, Hirosaki university (aomori, japan). eight-week-old female BalB/c nu/nu mice were used in this study. all mice were group housed in plastic cages with stainless steel grid tops in an air-conditioned and 12-h light/dark cycle-maintained room in the institute for animal experiments of Hirosaki university and fed with water and food ad libitum.
Plasmid DNA preparation. to optimize and obtain highly efficient transfection, we used a pcMV6-ac-gfP vector (origene technologies, inc., rockville, MD, uSa) that encodes the human cBr1, gfP and ampicillin-resistant gene. for amplification, pcMV6-ac-gfP was transformed into E. coli-DH5α competent cells by heat shock transformation according to standard laboratory protocols. the transformed bacteria were amplified in LB-ampicillin medium. The plasmids were purified from cultured transformed bacteria using a PureLink HiPure Plasmid Filter Miniprep DNA purification kit (invitrogen life technologies, carlsbad, ca, uSa) according to the manufacturer's protocol. Plasmid Dna (pDna) was diluted in sterile water at a concentration of 3 µg/µl.
Small interfering RNA preparation. the sequences of small interfering rna (sirna) duplexes specific to cBr1 were synthesized commercially by invitrogen life technologies. cBr1 sirna sense, 5'-auacguucaccacucuccctt-3' and antisense, 5'-gggagaguggugaacguautt-3' were designed to target different coding regions of the human cBr1 mrna sequence (geneBank accession no. nM_001757).
Transfection. oVcar-3 cells were trypsinized at a density of 5.0x10 5 cells/plate and were rinsed twice with serum-free rPMi-1640. the cells were then transferred into an electroporation cuvette. afterwards, 10 µl of human cBr1 pDna was added to the cells and electroporated with the square wave program with poring pulses and transfer pulses using a nePa21 (nepa gene co., ltd., chiba, japan). electroporated oVcar-3 cells were then immediately transferred to the culture plates containing rPMi-1640 with fetal bovine serum (fBS). transfected cells were harvested 4 days later. the control was only given electric stimulation by electroporation.
Cell proliferation. oVcar-3 cells were cultured in 6-well plates as described in the cell line and culture paragraph above. cell counts were performed 24 h in a logarithmic growth phase after transfection of oVcar-3 cells with cBr1-Dna or cBr1-sirna. to distinguish live and dead cells, cells were stained with 0.3% trypan blue solution (Wako Pure chemicals industries, ltd., osaka, japan). cells were counted using a hemocytometer. the cell count was performed in triplicate and the total cell counts are presented as averages.
Invasion assay. the tumor cell invasiveness was determined using the cytoSelect 24-Well cell invasion assay kit (basement membrane, colorimetric format; cell Biolabs, inc., San Diego, ca, uSa) according to the manufacturer's instructions. for invasion assays, the cells were cultured in serum-free culture medium at a density of 1.0x10 5 cells/well in the upper chamber, which had an 8.0-µm pore size membrane coated with a uniform layer of basement membrane matrix solution, and the lower chamber was filled with the culture medium with 10% fBS. after incubation for 48 h, invasive cells on the bottom of the membrane were stained with Diff-Quick (Sysmex Corp., Hyōgo, Japan) and quantified using an absorption photometer (oD=560 mm).
Xenograft mouse model. the mice were divided into three groups (n=5 for each group). oVcar-3 cells or oVcar-3 expressing the cBr1-Dna (5.0x10 5 cells) were inoculated subcutaneously in 0.2 ml of rPMi-1640 medium in the back region of nude mice. all the mice were numbered, housed separately, and tumor development was examined for 10 days. the examination started once the longer diameter of the tumor reached 5 mm (day 0). the control group and the cBr1-Dna group were intratumorally administered 5% glucose solution, while the cBr1-sirna group was intratumorally injected with the cBr1-sirna using invivofectamine (invitrogen life technologies) at a dose of 80 µg twice a week on day 0 and 7. Mice were monitored every day for tumor growth until day 14. the tumor dimensions were measured every day using caliper and tumor volume was calculated using the equation: V (mm 3 ) = a x B 2 /2, where a is the largest diameter and B is the smallest diameter (19) . The mice were sacrificed on day 14 to remove the tumor and lungs for pathologic and biochemical studies.
Western blot analysis. cell lysates (50 µg protein) were prepared from tumor tissues, electrophoresed through a 12.5% sodium dodecyl sulfate polyacrylamide gel, and blotted as described previously (16) . the protein concentration was determined using Bradford's method. the blots were probed with the following diluted antibodies for 2 h: cBr1 at 1:200, human Vegf-c at 1:200 (both from Santa cruz Biotechnology, inc., Santa cruz, ca, uSa), e-cadherin at 1:100,000 (genetex, inc., irvine, ca, uSa), MMP-9 at 1:500 (abnova, Walnut, ca, uSa), and β-actin at 1:2,000 (Sigma-aldrich, St. louis, Mo, uSa). the membranes were then incubated for 1 h with the appropriate biotinylated secondary antibodies, transferred to avidin-biotin-peroxidase complex reagent, and incubated Statistical analysis. the tukey-Kramer test was used to assess differences in the number of living cells between the control, cBr1-Dna, and cBr1-sirna group. Differences in the invasion assay between the three groups were evaluated using Student's t-test. Differences in tumor volume between the control, cBr1-Dna, and cBr1-sirna group were evaluated using the Mann-Whiney u test. a probability value of P<0.05 was considered to be significant.
Results
Comparison of CBR1 expression levels. cBr1 expression levels were compared in oVcar-3 cells transfected with CBR1-DNA or CBR1-siRNA. CBR1-GFP protein fluorescence was clearly detected in cBr1-Dna-tranfected cells (fig. 1a) . Western blot analysis showed that cBr1 expression level was higher in cBr1-Dna-transfected cells and lower in cBr1-sirna-tranfected cells when compared to the control cells ( fig. 1B) .
Cell proliferation. Difference in cell density was demonstrated among the three groups as shown in fig. 2a . the cBr1-sirna-tranfected cells grew in multilayers. cell density was lower in cBr1-Dna-transfected cells and higher in cBr1-sirna-transfected cells when compared to the control cells ( fig. 2a) . the cell counts were 55.6x10 5 cells for the control group, 22.8x10 5 cells for the cBr1-Dna group, and 98.1x10 5 cells for the cBr1-sirna group, respectively. the number of living cells was significantly higher in the cBr1-sirna group than in the other two groups and significantly lower in CBR1-DNA group than in the control group (fig. 2B, P<0.001 each) .
Cell invasion. fig. 3a indicates the appearance of invasive cells 48 h after transfection. invasive cells were stained in blue. cell invasion was significantly higher in CBR1-siRNA-transfected cells than in both the control and the cBr1-Dna-transfected cells ( fig. 3B, P<0 .05).
Tumor growth. in the xenograft mouse model, tumor volumes were significantly reduced from the first day after initial infection with the cBr1-sirna in the cBr1-sirna group (n=5) compared to the control (n=5) and cBr1-Dna group (n=5) (fig. 4, P<0.05) . the same trend lasted until they were sacrificed at day 14. Although tumor growth in the CBR1-DNA group was suppressed compared to the control group, there was no significant difference between the two groups. Inset photos are representatives of each group at day 14.
Tumor invasion and metastasis. the mice were sacrificed on day 14 to remove the tumor and lungs and to observe the abdominal cavity. the number of metastatic foci in the lungs was 7.0±2.0, 0, and 2.0±2.0 in mice bearing cBr1-sirna-injected, cBr1-Dna, and the control tumors, respectively. Metastatic foci to the lungs were significantly increased in cBr1-sirna group compared with the other two groups ( fig. 5, P<0 .05). there was no metastatic lesion in the lungs of cBr1-Dna tumor-bearing mice. Most of the mice in the cBr1-sirna group presented a deep invasion of subcutaneous tumors into the abdominal cavity (data not shown).
Altered expression of VEGF-C, E-cadherin, and MMP-9 in the tumors according to CBR1 expression levels.
Western blot analysis showed that, while Vegf-c expression was decreased in the cBr1-Dna tumors and was stable in the cBr1-sirna tumors, e-cadherin-decreased expression and MMP-9-increased expression were observed in the cBr1-sirna tumors compared to the other two groups (fig. 6 ). Discussion in this study using ovarian cancer cells, cBr1 suppression by siRNA transfection showed a significantly higher proliferative ability and invasive activity that caused rapid tumor growth and lung metastasis than the control cells. in addition, cBr1 suppression led to decreased expression of e-cadherin and increased expression of MMP-9 in tumors, whereas Vegf-c expression remained stable. results of the present study were consistent with earlier findings obtained in clinical (12) (13) (14) and animal studies (20) . umemoto et al reported that cBr1 loss or decrease was significantly related to retroperitoneal lymph node metastasis and poor outcome in eoc (14) . Murakami et al showed a significantly close relationship between decreased cBr1 expression and progression-free survival as well as overall survival in uterine cervical or endometrial cancer (12, 13) . ismail et al, on the other hand, showed that mouse cancer cells in which cBr1 was knocked down by transfection of an antisense cBr1 cDna acquired a potent metastatic potential (20) . in addition, our previous study showed that ovarian tumors derived from cBr1 sense cDna-transfected cells grew up to the second week, but then decreased continuously until the fifth week of observation (15) . We have shown that the spontaneous regression was due to increased necrosis through phagocytosis of apoptotic cells by phagocytes attracted by increased eat-me-signal induced by cBr1 (15) . furthermore, cBr1 expression vector transfection into mouse ovarian cancer cells induced a significant reduction of Pge 2 level and VEGF expression (16) . These findings confirm that CBR1 expression is involved in cancer cell growth and strongly indicate that CBR1 expression influences cancer cell acquisition of malignant and metastatic potential.
in this study, cBr1 suppression in ovarian cancer induced a decrease in e-cadherin expression and an increase in MMP-9 expression. the loss of e-cadherin is known as a marker of eMt that is associated with carcinoma progression and poor prognosis in malignant tumors (21) . Because MMPs resolve ecM, the MMP increase is necessary to acquire a potent invasive potential. among MMP subtypes, MMP-9 is closely associated with poor outcome in ovarian cancer (22) and its expression level is significantly stronger as lesions progressed from a benign tumor to advanced carcinoma (23, 24) . earlier study showed that MMP-9 overexpression led to a loss of e-cadherin and promoted a migratory and invasive phenotype in ovarian cancer cells (25) , supporting the present results. on the other hand, in this study, although Vegf-c expression was decreased in the cBr1-Dna tumors, its expression in cBr1-sirna tumors was similar to that of the control ovarian cancer cell tumors. Vegf subtypes are commonly known to be involved in cancer metastasis (26) . Vegf receptor (Vegfr)-3, a tyrosine kinase receptor, is involved in lymphangiogenesis and distant metastasis. Vegf-c is a specific ligand of Vegfr-3 (27). Stable expression of Vegf-c/Vegfr-3 increased distant metastasis, including lungs and lymph node metastasis in various types of malignant tumor (28-31). the present study showed that lung metastasis was significantly more frequent in CBR1-siRNA tumors than in the other two groups. additionally, lung metastasis did not occur in cBr1-Dna tumors. the present results suggest that the increase in MMP-9 and decrease in e-cadherin induced by reducing cBr1 expression may enhance malignant behavior such as invasion and metastasis in ovarian cancer under stable expression of Vegf-c. cBr1 exists in various tissues in humans (5) . it is important to confirm whether CBR1 actually functions as an enzyme in cancer cells. our previous study showed that Pge 2 levels were reduced in oVcar-3 cells transfected with cBr1 sense cDna (16) and that the increase of e-cadherin expression was blocked by quercetin, which inhibits cBr1 enzymatic activities (12) , suggesting that the effects of cBr1 are due to its enzymatic activities rather than its structural effects.
in conclusion, it emerged that cBr1 loss or decrease promoted tumor proliferation and growth as well as invasion and metastasis in this study, suggesting that cBr1 might become a new candidate for molecular targeting therapy.
